Internucleosomal deoxyribonucleic acid cleavage activity in apoptotic thymocytes: detection and endocrine regulation.
Apoptosis is a programmed form of cell death that occurs under numerous physiological conditions, including endocrine regulation of specific cell populations. We have investigated the biochemical mechanisms involved in glucocorticoid-induced apoptosis in rat thymocytes. Internucleosomal cleavage of chromatin into oligonucleosomal fragments is common to all forms of apoptosis and precedes the onset of cell death. To identify the endonuclease that is responsible for the specific pattern of DNA degradation in glucocorticoid-induced apoptosis, we have developed an assay to measure internucleosomal cleavage activity in thymocyte nuclear extracts. This assay uses nuclei from cells resistant to hormone-induced DNA fragmentation (HeLa cells) as a substrate for nuclear extracts prepared from thymocytes of adrenalectomized rats treated with either dexamethasone (dex) or vehicle (control). After incubation at room temperature for 90 min, the HeLa DNA is purified, and its integrity is analyzed by agarose gel electrophoresis. The appearance of internucleosomal fragments of HeLa DNA is indicative of nuclease activity in the thymocyte nuclear extract. Nuclear extracts prepared from thymocytes of rats treated with dex for 5 h caused internucleosomal cleavage of HeLa DNA, whereas extracts from control rats did not result in any DNA fragmentation. Regulation of nuclease activity by dex was time dependent. Internucleosomal cleavage activity in thymocyte extract from dex-treated animals was detected as early as 2 h after hormone treatment and occurred before any detectable change in cell viability. Maximal extractable nuclease activity was coincident with decreased thymocyte viability and thymic involution. In contrast, extracts from medullary thymocytes, which are the only thymocytes that survive 72 h of glucocorticoid treatment, did not contain nuclease activity by this assay. Regulation of internucleosomal cleavage activity by dex was dose dependent and was specific for the glucocorticoid class of steroid hormones. Furthermore, the dex-induced response was inhibited by pretreating rats with the glucocorticoid receptor antagonist RU486, indicating that receptor-mediated processes are involved in the regulation of nuclease activity. The similarities between the regulation of internucleosomal cleavage activity reported here and the previously described degradation of thymocyte DNA in vivo makes this nuclease a likely constituent of the apoptotic process.